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T
he typical defects of castings are mainly inclusions,
porosity, cracks and mis-run. However, a new class of
defects has been recently discovered known as double oxide film
defects.
Campbell [1] described the concept of an entrained double oxide
film and its deleterious effects on the properties of an aluminium
casting. Every time the surface of the metal folds upon itself, e.g.
by the action of a breaking wave, the surface oxide film becomes
entrained in the bulk liquid. This occurs as a doubled-over oxide
film in which the internal surfaces are not bonded, but have a
layer of air trapped between the two surfaces (Fig. 1), and leads
to a crack in the solidified casting.
liquid metal during casting. It has also been proposed that they
can open and expand due to a variety of driving forces, such as
the precipitation of hydrogen into the atmosphere of the double
oxide film defect, and the shrinkage of the liquid metal during
solidification, large grain size encouraging extensive rafts of
dendrites to straighten the films by a dendrite pushing action [2].
Double oxide films have hardly been observed in vacuum-
cast materials. There is, so far, not enough evidence to describe
the characteristics of oxide films in vacuum-cast materials. The
only previous work about oxide films in vacuum-cast Ni-based
alloys was described by Rashid and Campbell in 2004 [3]. This
study has added to the evidence that oxide film defects do exist
in studied Ni-based super-alloy in certain vacuum casting
conditions.
1 Experimental methods
The double oxide film defects described are typically two-
dimensional defects, with areas several square millimetres in size,
but thicknesses of only a few microns. These would be below
the limit of detection by X-ray radiographic and ultrasonic
systems. It is unlikely that routine methods would detect these
defects.
Electron beam microanalysis is a powerful analytical
technique, capable of performing elemental analysis of micro-
volumes, typically of the order of a few cubic microns, in bulk
samples and considerably less in thin sections (thin layers on
substrates). It is suitable for the detection of the defects using
SEM by EDS/WDS. If the oxide film defects cause failure in a
test bar, the oxide films can be seen as symmetrical films on the
two fracture surfaces, identifiable as oxides by EDS/WDS
analysis in the SEM, as would be expected from the nature of
the defects.
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Abstract: A new class of defects has been recently discovered, which are regarded as double oxide film defects.
In this study, a number of Ni-based vacuum-cast test bars were investigated. The fractures in the broken test bars
were observed by Scanning Electron Microscopy (SEM). Energy Dispersive Spectroscopy (EDS), as well as
Wavelength Dispersive Spectroscopy (WDS) were used to characterize the chemical elements of the fracture’s
surface. Observation by SEM revealed the presence of inclusions identified as films that appeared to have initiated
the growth of carbides. This study has added to the evidence that oxide film defects do exist in Ni-based super-alloy
in certain vacuum casting conditions. It provides a reference for researchers’ further study on the defects, and
provides a possible direction for researchers to improve casting technology so as to remove these defects.
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Fig.1 Entrainment of a double oxide film defect
Most reactive liquid metals such as Al and Mg probably contain
such defects because of surface disturbances during the transfer
and pouring of the melt. The oxide film defects can become
convoluted and compact because of internal turbulence in theResearch & Development
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The test bars (7 mm in diameter, Fig. 2) were investment-cast
using a top-pouring gating system. No filters were employed.
The test bars were cast from a Ni-based super-alloy, the principal
alloying elements of which are shown in Table 1. Normal casting
conditions included a preheated mould temperature of 980 
and a liquid-metal pouring temperature of 1420 .
The test bars were broken in tensile test at room temperature.
Samples were cut from the broken test bars and mounted on
stubs to facilitate observation in the SEM. The fractures of test
bars were observed by SEM using JEOL6060 (equipped with
EDS) and JEOL7000 (equipped with EDS/WDS) was used to
characterize the chemical elements.
corresponding to the film in Figs. 5 and 6, showed some evidence
of oxide film. WDS oxygen counts acquired from the same points
which contained oxygen in Figs. 5 and 6 were from 20 to 60,
except that the WDS oxygen counts from point 1 (the area
appeared as a particle) in Fig. 6 was 246. The particle was
probably silica. Areas of the fracture surface appeared to be films
overlying a brittle phase.
Figure 7 shows normal area which did not contain oxygen.
The WDS oxygen count from point 2 in Fig. 7 was 0.
Figures 5, 6 and 7 were taken using JEOL7000.
3 Discussions
Figure 3 shows a network of cracks. The reduced pressure will
open any oxide films that happen to be present in the freckle,
Fig. 2 The shape and size of test bar in mm
2 Results
Observation by SEM revealed some network of cracks, as shown
in Fig.3.
Table 1   The composition of test bar, wt- %
C
0.13 J 0.22
Cr Co Mo Al Ti Ni
8.5 J 9.5 14 J 16 2.5 J 3.5 4.8 J 5.7 4.5 J 5.0 Bal.
Fig. 3 Network of cracks
Figure 4 shows the fractograph of the freckle area opened along
one of the cracks. Spectra, as shown in Table 2, from the film in
Fig. 4 showed peaks of oxygen, aluminium, and chromium. That
indicated that the film was probably an oxide of aluminium and
chromium. It also shows that the content of carbides was high
where oxygen existed. This experiment was carried out using
JEOL6060.
Figures 5 and 6 show the fractographs of the areas far from
the cracks. Spectral analyses, as shown in Tables 3 and 4,
 (b) A typical EDS pattern of the oxide film at point 5
 (a) A fracture surface showing oxide film
Fig. 4 Fractograph of the freckle area opened along
                   one of the cracks
Table 2  EDS analysis of different areas of the fracture
surface in Fig. 4, wt- %
C
1
2
3
4
5
27.57
25.73
25.84
8.59
19.80
14.68
12.82
14.72
3.33
16.53
10.27
11.08
10.24
4.92
8.39
1.69
0
1.58
5.72
0
3.25
3.79
3.83
12.04
4.18
7.09
7.77
7.65
13.47
9.89
Spectral analysis
Spectrum
No.
OA I T i C r C o N i M o S i S
33.40
38.20
35.36
51.92
41.22
2.03
0
0
0
0
0
0.80
0
0.01
0
0
0
0.79
0
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forming internal cracks. These cracks are expected to weaken
castings in a serious and random fashion.
The extension of a crack into the surrounding matrix is
understood if the oxide film extends into the matrix, where it
has become trapped between dendrites.
The film might be amorphous when first entrained in the melt [3].
Fig. 5 Fracgraph of the area far from the cracks
Fig. 6 Fractograph of the area far from the cracks
Table 3 EDS analysis of different areas of the fracture
surface in Fig. 5, wt- %
C
Spectrum 1
Spectrum 2
Spectrum 3
Spectrum 4
Spectrum 5
Spectral analysis
Spectrum
No.
OA IC rN i M oS
7.17
8.88
9.81
7.38
9.06
1.03
1.67
0
1.28
1.30
5.39
5.20
5.84
5.10
4.48
10.67
9.83
0
12.05
12.36
0
0
0
0
4.90
74.04
74.42
84.35
74.19
67.89
1.70
0
0
0
0
Fig. 7 Normal area without oxygen
This is the case in low-melting-point alloys such as Al-based
alloys, where the film retains its smooth surface appearance and
delicate folds. However, because of the high temperature at which
(b) A typical EDS pattern of the oxide film at point 1
(a) A fracture surface showing oxide film
 (a) A fracture surface showing oxide film
  (b) A typical EDS pattern of the oxide film at point 3
(a) A fracture surface showing normal area
 (b) A typical EDS pattern of the matrix at point 2
Table 4  EDS analysis of different areas of the fracture
surface in Fig. 6, wt- %
C
Spectrum 1
Spectrum 2
Spectrum 3
Spectral analysis
Spectrum
No.
OA IC rN i M o S i
31.92
1.72
1.64
0.85
4.11
4.39
0
13.95
13.22
38.59
70.92
68.84
S
4.86
0
4.84
0
2.20
0
10.85
0
0
12.93
7.11
7.07Research & Development
February 2008
19
Ni-based alloys are cast, a smooth, microscopically featureless
amorphous film could be expected to transform rapidly into a
crystalline form and would probably experience successive re-
crystallizations, consistent with the textured appearance at high
magnification seen in Fig.5.
The finding of oxides in regions far from the crack suggests
that the defects are common in vacuum-melted and cast Ni-based
alloys. The defect seems likely to be an “old” oxide [3], originating
from the preparation of the alloy at the alloy manufacturer (in
contrast to the “new” oxides created during the brief duration of
pouring of the casting). If it was an old oxide, such defects would
be better integrated with the matrix since their layer of air had
more time to be completely assimilated by the continued growth
of oxide film. Thus, they would be less effective as initiation
sites for porosity or crack formation. Their appearance was less
film like, being usually rather craggy and crystalline [3].
Tables 2, 3 and 4 indicate that in some spectra in which
contained oxygen, the amounts of carbides present were also
high. Observation by SEM revealed the presence of inclusions
identified as films that appeared to have initiated the growth of
carbides. Spectrum 1 from Fig. 6 showed that the particle was
probably silica.
4 Conclusions
(1) Observation by SEM revealed the presence of inclusions
identified as films that appeared to have initiated the growth of
carbides.
(2) The oxide film in this Ni-based super-alloy was probably
an oxide of aluminium and chromium. The oxide particle that
appeared was probably silica.
(3) The appearance of the oxide film far from the cracks was
less film like, being usually rather craggy and crystalline.
(4) The films normally acted as internal cracks. This
represents threats to the strength, toughness, fatigue and creep
properties of the castings.
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